Context Understanding connectivity patterns in relation to habitat fragmentation is essential to landscape management. However, connectivity is often judged from expert opinion or species occurrence patterns, with very few studies considering the actual movements of individuals. Path selection functions provide a promising tool to infer functional connectivity from animal movement data, but its practical application remains scanty. Objectives We aimed to describe functional connectivity patterns in a forest carnivore using path-level analysis, and to explore how connectivity is affected by land cover patterns and road networks. Methods We radiotracked 22 common genets in a mixed forest-agricultural landscape of southern Portugal. We developed path selection functions discriminating between observed and random paths in relation to landscape variables. These functions were used together with land cover information to map conductance surfaces. Results Genets moved preferentially within forest patches and close to riparian habitats. Functional connectivity declined with increasing road density, but increased with the proximity of culverts, viaducts and bridges. 
Introduction
Human activities such as agriculture, forestry, urbanization and the construction of transport infrastructures are major drivers of landscape change, contributing to the loss and fragmentation of natural habitats (Foley et al. 2005; Lindenmayer and Fischer 2006) . In human-modified landscapes, many species are restricted to more or less isolated patches of suitable habitat surrounded by a hostile or poorly suitable matrix, and their landscape-level persistence is critically affected by local extinction and colonization dynamics, and by the levels of gene flow among populations (Lindenmayer and Fischer 2006; Fahrig et al. 2011) . Hence, the conservation management of human-modified landscapes requires a detailed understanding of the degree to which the movements of individuals or gametes are enabled (i.e., landscape connectivity), and how these movements are affected by anthropogenic processes such as habitat fragmentation and changes in matrix permeability (Coulon et al. 2008; Cushman et al. 2013; LaPoint et al. 2015) .
Landscape connectivity is shaped both by physical attributes of the landscape such as the composition and configuration of land-cover types or habitats (i.e., structural connectivity), and the behavioural movement response of organisms towards them (functional connectivity) (Taylor et al. 1993; LaPoint et al. 2015) . Despite its importance, functional connectivity (hereafter connectivity) is difficult to assess because it is species-specific (Crooks and Sajayan 2006; Kadoya 2009) , and it requires quantitative estimates of how environmental parameters facilitate or hinder the movements of organisms across the landscape (Zeller et al. 2012) . Because movement data is frequently unavailable, connectivity is most often quantified indirectly using expert opinion, species distribution patterns, or the home range of individuals, generally inferring resistance to movement from presumed or estimated habitat preferences (Zeller et al. 2012; Dickson et al. 2013; Gurrutxaga and Saura 2014) . In contrast, very few studies have directly analysed pathway data (i.e., sequential locations of the same individuals) to quantify connectivity, though this may provide far more robust and reliable estimates than the alternative methods (Cushman and Lewis 2010; Zeller et al. 2012; Elliot et al. 2014) . Although in recent years there have been major technical and conceptual advances to collect (e.g., VHF and GPS telemetry) and analyse pathway data for estimating connectivity, their practical application remains scanty (but see, e.g., Cushman and Lewis 2010; Zeller et al. 2012; Elliot et al. 2014) .
A particularly promising tool for estimating functional connectivity is the path-level (movement) randomization approach, which was recently developed to assess the effects of several environmental variables on pathway selection by animals Reding et al. 2013) . Specifically, the approach uses conditional logistic regression to compare the attributes of landscape features along the paths used by an animal (observed) with those that would be encountered in a large sample of available paths of identical length and topology, which are randomly shifted and rotated around the observed path. This approach has the advantage of using direct observations on animal movements, while avoiding pseudoreplication and autocorrelation problems (Cushman 2010; Zeller et al. 2012) . The method enables the development of species-specific landscape resistance models in which the resistance of any location, or pixel, in a landscape reflects the effects of all the main factors measured at one or several scales (Cushman et al. 2011) .
Path-level analysis may provide a particularly useful approach to infer the effects of roads on connectivity. This is important because roads can hinder the movements of individuals and genes across the landscape (Riley et al. 2006; Fahrig and Rytwinski 2009; Hartmann et al. 2013) . Furthermore, the effects of roads can interact with those of other landscape features such as the amount and spatial distribution of habitats, potentially exacerbating the negative consequences of habitat loss and fragmentation (Richard and Armstrong 2010; Lapoint et al. 2013) . Although these effects have received some consideration in previous studies (Fu et al. 2010; Santos et al. 2013; Nogués and Cabarga-Verona 2014) , only one included empirical information on species-specific movement behaviour in relation to both habitat features and roads .
In this study, we used path-level analysis to describe functional connectivity patterns in a forest carnivore, and to explore how connectivity is affected by landscape characteristics. Focusing on a mammalian carnivore is particularly relevant, because this group of species is highly vulnerable to losses of landscape connectivity (Crooks et al. 2011) , including those caused by roads (Riley et al. 2006; Hartmann et al. 2013) . The genet was selected because this is a relatively abundant, medium-sized carnivore, which is specialised in forest habitats and seems to be negatively affected by roads (e.g., Galantinho and Mira 2009; Carvalho et al. 2014) . Specific objectives were (1) to describe the main landscape factors influencing path selection by genets; (2) to parameterize landscape conductance (inverse of resistance) across the landscape using empirical path-level functions; and to (3) to explore how connectivity across the landscape is affected by spatial land cover patterns and road networks. By using detailed empirical data on the movements of common genets, our study highlights the value of path-level analysis for quantifying landscape connectivity, and provides new insights on management solutions for retaining connectivity for forest carnivores in human-modified landscapes.
Methods

Study area
The study was carried out in a landscape of about 4572 km 2 in southern Portugal (38°21 0 39 00 to 39°01 0 36 00 N, 08°24 0 22 00 to 07°34 0 54 00 W; Fig. 1 ). The climate is Mediterranean, with mean daily temperature ranging from 5.8 to 12.8°C in winter, and from 16.3 to 30.2°C in summer; annual rainfall averages 609.4 mm and is concentrated in October-March (É vora 1971 -2000 IPMA 2012 ). The relief is undulating (150-430 m above sea level) and the landscape is dominated by agricultural land uses (&45 %), comprising mainly dry arable land and pastureland, with or without sparse oaks trees, and vineyards. There is also a large area (&43.5 %) of open to closed cork oak (Quercus suber) and holm oak (Q. rotundifolia) forests, where the understory may be herbaceous or shrubby depending primarily on grazing pressure and understory management to reduce fire risk and to provide access to livestock. Other land cover types include a few intensive olive orchards, and some scattered plantations of Pinus spp. and Eucalyptus spp. (&8.8 %). The landscape is dissected by numerous roads including the four-lane A6 highway constructed in 1996, with a mean traffic flow of 977 vehicles night -1 (range 330-2494; Grilo et al. 2009 ). There are also national and regional roads, most of which have two lanes and paved verges, and a mean traffic flow of 873 vehicles night -1 (range 439-1680; Silva et al. 2012) (Fig. 1) .
Genet telemetry data
Genets were live-trapped following capture and handling procedures detailed elsewhere (Carvalho et al. 2014) , and fitted with very high frequency (VHF) radio-collars. Movement data was obtained for a total of 22 animals (13 females and 9 males), between May 2010 and July 2012, following an approach adapted from Reding et al. (2013) . Each animal was tracked in average (±SD) during 9.0 ± 3.8 sessions (range 4-16 sessions, n = 198), with each session corresponding to an average (±SD) continuous period of 8.2 ± 3.5 h (range 4-14 h), during which the position of the animal was estimated at average intervals (±SD) of 33.4 ± 9.4 min (range 15-79 min, n = 2850 consecutive location records). All the animals tracked were resident within well-defined home ranges, with none showing any evidence of dispersal behaviour.
Animal positions were estimated through biangulations (2 bearings) performed by an observer in less than 5 min to reduce estimation errors. Based on a blind test of 50 known locations for each of the two observers involved in radio-tracking (Millspaugh and Marzluff, 2001) , we estimated an average (±SD) positional error of 92.6 ± 51.4 m (range 14-179 m), which was considered satisfactory given the objectives of the study. The sequence of positions recorded was used to estimate the path taken by the animal during each tracking period. In a few cases (n = 33) where the position of the animal was lost for [60 min, we dropped the corresponding time step and split the path in two, in order to minimize uncertainty regarding the true trajectory between successive locations (Zeller et al. 2012 ).
Path-level analysis
To model genet movement as a function of landscape descriptors, for each sequence of locations (observed paths) we generated nine random paths within a buffer of 1.6 km, by first shifting the X and Y coordinates of the observed path by a random value in the interval [-1,600 m; 1,600 m], and then rotating its orientation by a random value between 08 and 3608 (Cushman and Lewis 2010; Reding et al. 2013; Elliot et al. 2014) . The number of random paths per observed path represented a compromise between adequately sampling the available landscape area and the need to limit overlap (\20 %) among paths (Reding et al. 2013; Roever et al. 2013) , and it was similar to that successfully used in a previous study on a comparable carnivore species (Cushman et al. 2011 ). In line with Reding et al. (2013) , the buffer within which the random paths were shifted for each observed path was selected to correspond approximately to the maximum annual home range of an adult animal estimated in the study area using the minimum convex polygon with all locations (800.6 ha). Random paths were generated using the Geospatial Modelling Environment (GME, version 0.7.2 RC2; Spatial Ecology, LLC).
Landscape descriptors
The landscape of the study area was characterised using an available digital land cover map, which was produced at the scale 1:10,000 from the interpretation of aerial photography taken in 2005, with a minimum mapping unit of 0.5 ha and a legend adapted from the CORINE Land Cover project (Guiomar et al. 2009 ). The map was updated through the interpretation of aerial photography taken in 2011, in combination with field checks. Landscape composition and configuration metrics, and road-related variables, were then estimated within 100 and 500-m buffers around observed and random paths, thereby accounting for different scales at which animals may perceive the landscape (Reding et al. 2013; Borthagaray et al. 2014) . The 100-m scale was considered sufficiently small to reflect the immediate surroundings perceived by an animal when following a path, while it was larger than the estimated average positional error of genet radio tracking (e.g., Dickson et al. 2005; Pe'er and Kramer-Schadt 2008) . The 500-m scale was used to reflect the wider area available to animals when making movement decisions, and it was set as about twice the median step length (236.2 m) between successive locations estimated during the radiotracking sessions, corresponding to about one hour of foraging activity (Reding et al. 2013) . Paths were also characterised in terms of their distances to potentially important landscape features (e.g., culverts, riparian habitats, forest edges), by estimating the nearest distance between each point location and the focal feature, and then averaging across all points within each path. These metrics were scale-independent, and they were used to estimate whether movement paths were influenced by the spatial location of point and linear landscape features.
Landscape composition was characterised from the percentage cover of each dominant land cover type (Table 1) : oak forests, corresponding to areas dominated by cork and holm oaks, and with [30 % canopy cover; open agricultural land; and urban areas. Because genets are mainly associated with forest habitats, landscape configuration was described from three variables reflecting forest fragmentation (Table 1) : mean forest patch size; forest edge density; and tree canopy openness, measured as the average distance among trees within each buffer (Levin et al. 2009 ). Roads were characterized using two variables (Table 1) : road density; and the distance of the path to the nearest road crossing structure potentially used by genets, including large culverts, bridges and viaducts (Ascensão and Mira 2007; Serronha et al. 2013 ).
Finally, we included variables describing the distance of paths to three landscape features that were expected to influence genet movements: forest edges; riparian galleries; and water bodies (Carvalho et al. 2014) . Land cover maps were produced and landscapes variables were estimated using QGIS 2.2-Valmiera (Quantum GIS Development Team 2014).
Data analysis
Prior to statistical analyses, skewed variables were transformed to approach normality and to reduce the influence of extreme values, using either the angular transformation for proportional variables or the logarithmic transformations otherwise (Legendre and Legendre 1998) (Table 1) . All variables were then standardised to zero mean and unit variance, to enhance comparability of effect sizes (e.g., Schielzeth 2010). Collinearity was investigated using pairwise correlations, and one variable from each pair correlated at [|0.7| was eliminated from further analyses (Dormann et al. 2013) . From each pair, we retained the variable with the highest biological meaning based on previous studies on genet habitats (Palomares and Delibes 1994; Carvalho et al. 2014) .
Modelling was based on the path selection function approach, using mixed effects conditional logistic regression to compare the landscape characteristics around observed paths with random paths with similar topology (Cushman and Lewis 2010; Duchesne et al. 2010; Elliot et al. 2014) . Analysis thus followed a match-control design framework, using a binomial variable coding the observed movement path (1) versus nine random movement paths (0), thereby creating a group ''stratum'' (e.g., Cushman et al. 2011) . A mixed model approach was used to account for inter-individual heterogeneity in path selection, and it involved specifying random regression coefficients for each habitat variable (Duchesne et al. 2010) .
The modelling procedure started with a preliminary univariate screening, using the Akaike Information Criterion corrected for small sample sizes (AICc) to judge the support for each univariate model in relation to the null model (i.e., model fitted without covariates) (Burnham and Anderson 2002) . This step was needed to evaluate the effect of variables that were subsequently removed from multivariate analysis to avoid multicollinearity. Multivariate Path Selection Functions were then built, considering either the entire set of non-collinear variables or the same set excluding the two road related variables. Model building was based on information theoretical and multimodel inference approaches of Burnham and Anderson (2002) . Candidate models were built based on all possible subsets of explanatory variables, including the null and the full (i.e., with all explanatory variables) models. Models were ranked according to their Akaike weights (w i ), and the average parameters and their unconditional standard errors (SE) were estimated considering the set of models at less than four AICc units from the most supported model (Burnham and Anderson 2002) . The relative importance of each variable was judged based on the sum of Akaike weights of models where the variable was included (w ? ), and on the magnitude of the average model coefficient. Model fit was assessed with the pseudo R-squared of Tjur (2009) , and model discrimination ability was assessed with the area under the remote operating characteristic curve (AUC; Fielding and Bell 1997). Although these parameters need to be interpreted with care because they may provide an optimistic estimate of model fit and discrimination ability, it was not possible to carry out adequate crossvalidation due to relatively small sample sizes (e.g., Hijmans 2012). Analyses were performed using the packages coxme (Therneau 2012) , MuMIn (Barton 2013) , and modEva (Barbosa et al. 2014 ) for R 2.15.3 software (R Development Core Team 2013). Distance to road crossing structures (m) 928.8 ± 698.0 9.6-3035.5 978.0 ± 824.4 6.0-3379.1 0.10 2.9
Univariate comparisons between observed genet paths and random paths were made using mixed effects conditional logistic regression, using individuals as random effects. Support for each univariate effect was estimated from the difference in AICc between the null and the univariate model (DAICc)
Landscape conductance mapping Probability of movement (conductance) across the landscape in the study area was mapped in a GIS, by overlaying a 100-m point grid on the land cover map, and by applying to each point the Path Selection Function derived from the model building procedure. In practice, for each point the landscape variables were estimated in a surrounding buffer, and then the Path Selection Function was applied to estimate the probability of the point to be in an observed versus a random movement path (Harju et al. 2013) . The point probability estimates were then converted into a continuous probability surface, by converting the point grid into a 100-m resolution raster map. This resolution was considered sufficient to reflect the real fine-grained distribution of habitats present in study area, but at the same time not compromising the analysis due to computer processing constraints when extracting landscape variables from a finer-grained grid. Probabilities were assumed to be related to increasing flow and lower resistance to movement (Roever et al. 2013) , and so the map of estimated probabilities for all grid cells was taken as a conductance map. A conductance map was also prepared for a virtual unroaded landscape similar to our study area, to provide an estimate of landscape connectivity in the absence of roads. The unroaded landscape was created by replacing the road land cover class at each grid cell by the dominant class in contiguous cells. The conductance map was then estimated as for the real landscape, though using a Path Selection Function developed without road-related variables.
Quantifying road effects
The fragmentation induced by roads on the habitats most suitable for genet movement was estimated by comparing the amount and configuration of high conductance habitats, identified by path selection functions on the roaded and the virtual unroaded landscapes. We set a threshold of 0.5 to define high conductance habitats, because this was well above the prevalence of observed paths (10 %), and so it reflects the conservative assumption of genets moving primarily through the most suitable areas (Liu et al. 2005) . Larger thresholds (0.75 and 0.90) were also tested, but the maps were considered unrealistic as the areas with high conductance were overly small and isolated, considering our experience with the actual genet movements in the study area. In analysis, patches \5 ha were eliminated, because this was roughly the minimum size of isolated forest patches used by genets (Filipe Carvalho, Unpublished Data). We used FRAGSTATS 4.2 ) to estimate landscape metrics describing patch area and edges, patch shape, core areas, and aggregation (Table 3) . We selected a subset of particularly relevant metrics from the large number potentially available, as most of these tend to be intercorrelated and are thus highly redundant. Differences in connectivity between the roaded and the virtual unroaded landscapes were also compared using the probability of connectivity (PC) metric, which is based on the habitat availability concept, dispersal probabilities between habitat patches and graph structures, and is judged to overcome some of the limitations of other widespread indices (Saura and Pascual-Hortal 2007) . Also, we partitioned the overall connectivity metric for the landscape (PC) based on the approach described by Saura et al. (2014) . Partitioning was estimated considering for a source population located randomly in a single patch within the habitat distribution, the expected percentage of the total area in the patch network that can be reached (i) within the source patch (i.e., intrapatch connectivity; PC intra ), (ii) via direct connections to other patches (PC direct ), and via stepping stones located in the intermediate landscape between the source and destination patches (PC step ) (Saura et al. 2014) . We expected that increasing fragmentation by roads should decrease the relative contribution of PC intra , and increase the relative importance of PC direct and, particularly, PC step , for overall landscape connectivity. Connectivity analysis was performed using Conefor Sensinode 2.6 (Saura and Torné 2009), with dispersal probabilities specified as a negative exponential function of distance and parametrised assuming that half the individuals disperse up to 5 km. This value was based on estimates of median dispersal distances of genets radiotracked in the study area (F. Carvalho Unpublished Data).
Results
Univariate analysis provided strong support for habitat differences between paths used by genets and random paths (Table 1 ). In particular, there was very strong support (DAICc [ 10) for genet paths to have higher proportion of forest cover and lower proportion of agricultural and urban areas, larger forest patch size, and lower edge density, canopy openness and road density. Also, genet paths tended to be closer to forests and riparian areas than random paths. In general, support was much stronger for variables measured in 100 than 500-m buffers, though the inverse was observed for land cover by urban areas and forest edge density. The strongest random effects, indicating inter-individual variation in path selection, were found for forest patch size. From the original variables, only seven with no significant pairwise correlations were retained in subsequent multivariate analysis ( Table 2,  Table S1 in Supplementary Material).
In multivariate modelling, only 5 out of 128 candidate models were at less than four AICc units from the most supported model. The average model provided strong support (w ? = 1.00) for the positive effects of forest patch size, and the negative effects of distance to riparian areas and road density, on path selection ( Table 2 ). The support for the negative effects of distance to forests (w ? = 0.73) and distance to crossing structures (w ? = 0.77) was moderate, but the 95 % confidence intervals of coefficient estimates did not overlap zero. The Tjur R-squared of this model was 0.33 and the AUC was 0.800. The analysis performed without the road-related variables provided strong support (w ? = 1.00) for the positive effects of forest patch size and the negative effects of distance to riparian areas. The Tjur R-squared of this model was 0.29 and the AUC was 0.766.
The landscape conductance map closely resembled the distribution of forests and riparian galleries in the study area, corresponding to the habitats where genet movements were most likely (Fig. 2a) . These high conductance habitats occupied a considerable proportion of the study area, but they were surrounded by vast areas with high resistance to movement, largely corresponding to agricultural and urban areas. When comparing visually the landscape conductance in the roaded (Fig. 2a) and the virtual unroaded landscape (Fig. 2b) , it is apparent that the proportions of the landscape in the different conductance classes are largely similar across landscapes. For instance, the Multi-model averaging was based on the AICc differences (Di \ 4) set of models. For each variable, we show the standardised regression coefficient (B), the unconditional standard error (SE), the 95 % confidence interval of coefficient estimate (CI), and the selection probability (w ? ). Variables selected in the best AICc models are underlined and coefficient estimates whose 95 % CI exclude zero are in bold c Fig. 2 Conductance surface probability estimated for common genets in a section of the study area, using path selection functions and land cover maps from the real landscape (a), and from a virtual unroaded landscape (b). Percentage of the landscape surface occupied by each conductance class is shown in parentheses estimated proportion of the landscape with high conductance (probability of movement [0.50) is 52.2 and 51.2 % in the roaded and the unroaded landscape, respectively. However, the road network strongly contributes to landscape fragmentation by dissecting otherwise continuous areas of high conductance to genets. In contrast, riparian galleries contributed to increased landscape conductance by providing movement corridors in habitats that otherwise are highly resistant to movement Landscape metrics supported the idea that the road network strongly contributed to the fragmentation of high conductance habitats (i.e., forests and riparian areas) for genets (Table 3 ). This was particularly evident for metrics describing the availability of large areas of continuous habitat, such as the mean patch size, the largest patch index, the radius of gyration, and the mean core area. Metrics reflecting landscape subdivision also revealed the much higher fragmentation of the roaded landscape, as shown by its much larger splitting index and lower effective mesh size than the unroaded landscape. In contrast to these metrics, the probability of connectivity was rather similar, albeit smaller, in the roaded (0.178) than in the unroaded (0.182) landscape. However, intrapatch connectivity was the main component of landscape connectivity in the unroaded landscape (PC intra ; 52.2 % [unroaded] vs. 2.2 % [roaded]), whereas connectivity via stepping stones (PC step ) was the most important in the roaded landscape (32.7 % [unroaded] vs. 90.0 % [roaded]). The contribution of the direct component was also larger in the unroaded (15.1 %) than in the roaded landscape (7.8 %).
Discussion
Our findings support the view that connectivity in human-modified landscapes is jointly influenced by land cover patterns and the spatial distribution of human infrastructures such as roads. Although this idea is often assumed in studies estimating resistance to movement, most of these are based on expert opinion or landscape genetics patterns (Zeller et al. 2012) , and only a very few provided compelling supportive evidence through detailed empirical movement data and adequate statistical analyses (Reding et al. 2013 ). In our particular case study focusing on a forest carnivore, land cover was important because it shaped the extent, location and configuration of habitats most permeable to movement, as well as those habitats rarely crossed by the animals. The road network was also influential because it dissected highly permeable habitats, thus creating obstacles in areas otherwise permeable to animal movement. These results have direct conservation implications, providing a basis for identifying road sectors particularly detrimental to landscape connectivity, where the application of mitigation measures should be a priority. Overall, the study points out the relevance of path-level analysis to provide a mechanistic understanding of how land cover and linear infrastructures jointly influence landscape connectivity patterns. Despite some unavoidable limitations, our study was designed to avoid potential methodological artefacts that might have affected its key results. To minimise the problems associated with the selection and definition of environmental variables (Zeller et al. 2012) , we analysed a set of potentially influential variables that were selected a priori and measured considering previous ecological studies on the common genet (e.g., Palomares and Delibes 1994; Galantinho and Mira 2009; Pereira and Rodríguez 2010; Carvalho et al. 2014 ). In line with common modelling practice, some of these variables were dropped from multivariate analysis to avoid multicollinearity problems, thereby requiring that their potential effects should be inferred from univariate analysis and the matrix of correlation among variables. Another potential problem was that different land cover types had to be combined in a few broad classes, which avoided variables with zeros in nearly all observations, but required assuming homogeneity of genet responses within each class. This is unlikely to have affected our results significantly because the landscape was dominated by oak forests and open agricultural land, though further research would be needed to evaluate the conductivity of rare land cover types such as olive orchards, vineyards, or plantation forests. Also potentially important is that animals may select habitats differently when using local resources (e.g., food and cover) or when moving through the environment to find and obtain such resources, thus requiring separation of the two behaviours when estimating resistance values (Zeller et al. 2012) . Although this distinction could not be made in our study, the problem was minimised by tracking animals during their nocturnal activity periods, when they moved frequently across their home ranges. Also, we defined paths using fixes taken at about half hour intervals, thus avoiding area-restricted movement behaviour during foraging bouts. Furthermore, by tracking a large number of animals during long periods we expected to integrate a wide range of path-level types, which should have avoided problems associated with eventual idiosyncratic behaviour by some individuals (Ascensão et al. 2014 ) and contributed to identify the factors affecting movement decisions. Path-level modelling is also influenced by the scale at which selection is made by the animals, which was dealt with by measuring variables around 100 and 500-m buffers around paths. An alternative suggested by Elliot et al. (2014) might be to assess scaling effects by shifting the random paths by different distances around the used paths, though the relative merits of each approach are uncertain. It is possible however, that the procedure of Elliot et al. (2014) may be more useful when focusing on species that are larger and wider ranging than genets. A potentially more serious problem was that we tracked resident animals, which is a limitation because dispersers may be less attached to particular habitat types, and they may be more prone to cross obstacles such as roads (F. Carvalho, Unpublished Data). As a consequence, further research would be needed to evaluate the possibility of landscape connectivity patterns changing by tracking dispersing rather than resident genets (Elliot et al. 2014) .
The habitat factors affecting movement behaviour by the genet were similar to those influencing its habitat selection patterns (e.g., Palomares and Delibes 1994; Galantinho and Mira 2009; Pereira and Rodríguez 2010; Carvalho et al. 2014) . Genets were found moving more frequently than expected by chance within forest patches and close to riparian habitats, while strongly avoiding open agricultural land, which is in line with the pattern found for other medium-sized forest carnivores, including stone martens (Martes foina), American martens (Martes americana), pine martens (Martes martes) and bobcats (Lynx rufus) (Rondinini and Boitani 2002; Cushman et al. 2011; Mergey et al. 2011; Reding et al. 2013) . The restriction of movements to forest and riparian areas may be a consequence of genets preferring to travel within habitats where food resources are abundant. This is supported by studies carried out in other Mediterranean areas, where genets were found to prey heavily on the wood mouse (Apodemus sylvaticus) (Virgós et al. 1999; Rosalino and Santos-Reis 2002) , which like the genet can be arboreal and very abundant within oak forests (Rosalino et al. 2011) . Genets may also prefer to move within forested and riparian areas due to the availability of protective cover for reducing predation risk (Cushman et al. 2011; Mergey et al. 2011) , as they often rest in tree hollows and arboreal nests (Carvalho et al. 2014) , and in open areas may be highly vulnerable to predators such as eagle owls (Bubo bubo), foxes (Vulpes vulpes) and domestic dogs (Canis familiaris). Whatever the reason, the patterns observed highlight the importance of forest cover as a surrogate for landscape connectivity in the common genet, which is consistent with previous studies for forest carnivores (Walpole et al. 2012; Nogués and Cabarga-Verona 2014) . Also, they confirm the importance of riparian areas as movement corridors in otherwise unsuitable, open agricultural habitats, which was already suggested for the common genet (Pereira and Rodríguez 2010) and other species (Klar et al. 2012; Balestrieri et al. 2015) . Habitat effects were stronger at the smallest scale analysed (100-m), suggesting that movement decisions were mainly based on the immediate surroundings perceived by genets when following a path. The main exception was the effect of urban areas that was stronger at the largest scale (500 m), which was probably a consequence of genets avoiding to include these habitats in their home ranges (Carvalho et al. Unpublished Data), as shown for other carnivores (Elliot et al. 2014; Zeller et al. 2015) .
The negative effect of roads on genets was suggested by the lower probability of movement in areas with higher road density, which is consistent with previous studies on the species (Galantinho and Mira 2009; Carvalho et al. 2014) , and is in line with recent observations for other forest carnivores such as stone and pine martens (Santos and Santos-Reis 2010; Mergey et al. 2011) . As for habitat variables, the road effects were much stronger at the 100-m than at the 500-m scale, implying that the negative influence of roads on the probability of genet movement occurs at small spatial scales. Reasons for these results are uncertain, but they may be related to a negative behavioural responses to noise and other types of human disturbance that occur close to roads (Santos and Santos-Reis 2010; Carvalho et al. 2014) , which individuals possibly take as indicators of risk to their survival. Despite this avoidance, however, we found that movements were located closer to road crossing structures such as culverts, bridges and viaducts, than what might be expected by chance. This result was likely driven at least partly by the association of these structures with riparian habitats along streams and rivers, which were shown to have a strongly positive effect on genet movements. However, it cannot be discarded the possibility of the structures themselves attracting genet movements, as they are known to be used by the species for road crossing (Serronha et al. 2013; Villalva et al. 2013) .
As a consequence of its movement preferences described through path selection function, the landscape conductance surface developed for the genet was influenced primarily by land cover patterns and the spatial distribution of roads. High conductivity across the landscape was strongly favoured by the presence of large forested areas, though these were surrounded by an open agricultural matrix highly resistant to genet movements. This largely hostile matrix, however, was crossed by riparian habitats which appear to act as movement corridors. The road network introduces important modifications in these connectivity patterns, mainly by dissecting forest patches that otherwise would be highly connected. This was clearly demonstrated through fragmentation metrics showing that the real landscape had much smaller patches of habitats permeable to genet movement than what would be the case in an unroaded but otherwise similar landscape. Because of this, connectivity in the unroaded landscape resulted primarily from intrapatch movements or movements between adjacent patches, whereas in the landscape with roads there was a much higher contribution of movements through stepping stones for overall landscape connectivity (Saura et al. 2014) . Roads also crossed the riparian corridors, but their effect on connectivity was probably lower than in forests due to the presence of viaducts, bridges and other crossing structures which provide permeability to movements (Grilo et al. 2012; Serronha et al. 2013; Villalva et al. 2013) . As observed for tawny owls (Strix aluco) in the same landscape , connectivity was high despite the fragmentation by roads, because there was still a large proportion of forested habitat in the landscape. Therefore, further analysis across a gradient of habitat loss would be needed to fully appreciate how the interactions between land cover patterns and human linear infrastructures affect landscape connectivity (Crouzeilles et al. 2014) .
Our results have important implications for the conservation management of landscapes fragmented by roads, which may apply to genets and other forest carnivores such as marten species (Grilo et al. 2009; Ascensão et al. 2014) , wildcat (Felis silvestris) (Klar et al. 2009 (Klar et al. , 2012 and Iberian Lynx (Lynx pardinus) (Ferreras et al. 2010) . First, crossing of large forest patches by roads should be avoided as much as possible, because they split large and continuous areas with high conductance into small patches, thereby reducing the amount of core habitat. Second, riparian areas should be given high conservation priority because they provide the main movement corridors for forest carnivores in otherwise highly hostile matrices (Balestrieri et al. 2015) . These corridors may be crucial to link distant forest patches, thus playing a key role in metapopulation demographic processes and gene flow across the landscape. Third, crossing structures such as culverts, bridges and viaducts associated with riparian habitats should be regarded as key elements to assure connectivity across the landscape (Grilo et al. 2012; Serronha et al. 2013; Villalva et al. 2013) . Thus efforts should be taken to assure the integrity of riparian habitats close to roads and under viaducts and bridges, thereby favouring the use of these structures as safe road crossing points by the animals. Finally, environmental planning of new roads and other linear infrastructures should be based on detailed information on landscape connectivity patterns for target species of conservation concern, which is required to identify routes with minimal impacts on wildlife, and to design cost-effective mitigation measures where impacts cannot be avoided (Rudnick et al. 2012; Cushman et al. 2013; Polak et al. 2014 ).
The present study joins a very small subset of studies based on empirical movement data and pathlevel analysis to model landscape connectivity (e.g., Cushman and Lewis 2010; Cushman et al. 2011; Reding et al. 2013; Elliot et al. 2014) . Although these studies are laborious and time consuming, they seem to provide a stronger basis for inference than other alternatives such as expert opinion and landscape genetics approaches (Cushman 2010; Zeller et al. 2012) . In our particular case, the path-level approach was essential to determine the combined effects of land cover and human linear infrastructures on landscape connectivity, which were unlikely to be detected with other methods. Given the paucity of studies carried out so far, it would be important to foster the application of the path-level modelling approach to a wide range of ecological settings, thereby providing a basis for generalization across species and landscape types. Ultimately this should prove useful to inform practical applications in the fields of landscape conservation management and impact assessment of human infrastructures, most of which will remain reliant on expert opinion due to resource limitations.
